The genus Rhodobacter (Rba), proposed by Imhoff et al. [1] upon reclassification of the species of the genus Rhodopseudomonas, accommodated a few species of purple nonsulfur anoxygenic phototrophic bacteria namely, Rhodobacter capsulatus (type species), Rhodobacter sphaeroides, Rhodobacter sulfidophilus and Rhodobacter adriaticus, with a vesicular architecture of intracytoplasmic membranes. However, Rba. sulfidophilus and Rba. adriaticus were subsequently reclassified as Rhodovulum sulfidophilum and Rhodovulum adriaticum, respectively [2] . At the time of writing, the genus Rhodobacter comprises 13 recognized species names: Rhodobacter aestuarii, Rhodobacter azotoformans, Rhodobacter blasticus, Rhodobacter capsulatus, Rhodobacter johrii, Rhodobacter maris, Rhodobacter megalophilus, Rhodobacter ovatus, Rhodobacter sphaeroides, Rhodobacter veldkampii, Rhodobacter vinaykumarii, Rhodobacter viridis and the recently described Rhodobacter sediminis [3] . The genus Rhodobacter in the family Rhodobacteraceae includes a very heterogeneous assemblage of phototrophic bacteria with a large number of interspersing chemotrophic bacteria and their evolutionary relationships are not well established. According to the current taxonomy based on 16S rRNA gene sequence phylogenetic analysis, Rhodobacter species are grouped into five monophyletic clusters, each of which comprise one to seven species. Here, we propose to include the description of two new species of phototrophic bacteria affiliated to the genus Rhodobacter sensu stricto.
Strain JA826
T was isolated from a water sample of an industrially polluted fresh water lake near Hubbali, Karnataka, India (75 20¢ E, 15 26¢ N; sample pH 6.8).
Strains JA912
T and JA913 were isolated from a fern, Azolla filiculoides, growing in a fresh water pond in Gujarat, India (GPS position: 72 43¢ E, 22 47¢ N; sample pH 6.0 and salinity 0.8 %). Both samples were serially diluted (10-fold dilution) and pour plated by using the wax overlay method [4] and incubated at 30 C in the light (2400 lux) for 3-4 days. Brownish red colonies were observed from the samples and the colonies were purified aerobically by repeated streaking on agar plates and designated as strains JA826 T , JA912 T and JA913. Cultures were maintained on agar slants or as lyophilized cultures preserved at 4 C. Purified cultures were grown in completely filled screw cap test tubes (10Â100 mm) under phototrophic conditions, as described previously [5] . A modified Biebl and Pfennig [6] Morphological characteristics such as cell shape, division, size and motility were observed under phase contrast or confocal microscope (Olympus BH-2/Carl Zeiss LSM880). The internal membrane structures were determined from exponentially growing cultures by using a transmission electron microscope (H-7500 Hitachi) after the cells had been processed as described by Hanada et al. [7] .
The utilization of organic carbon compounds such as glycerol, methanol and ethanol as carbon sources/e -donors was tested at 0.1 % (v/v) along with NaHCO 3 (0.1 % w/v), while utilization of other substrates was tested by replacing the carbon source (at 0.3 %, w/v, without NaHCO 3 ) in modified Biebl and Pfennig [6] medium as described earlier. Growth was measured turbidimetrically at 660 nm. The nitrogen source requirements for growth were investigated by replacing ammonium chloride with different nitrogen sources at 7 mM. For testing the utilization of sulfur sources, MgSO 4 .7H 2 O was replaced with MgCl 2 .6H 2 O (0.2 %) and respective sulfur sources (sodium sulfide, sodium thiosulfate, cysteine, magnesium sulfate, sodium sulfate all at 0.5 mM concentration) were added to the medium. Diazotrophic growth and nitrogenase activity were tested as previously described by Sasikala et al. [8] . The in vivo absorption spectra of intact cells of strain JA826
T and strain JA912 T were measured by using a Spectronic Genesys2 spectrophotometer in sucrose solution [9] . The carotenoid composition of strain JA826
T and strain JA912
T was determined by C 18 high-performance liquid chromatography (HPLC; eluted with acetonitrile : methanol : ethyl acetate; 5 : 4 : 1 v/v; flow rate, 1 ml min À1 ; absorption at 450 nm) using a photodiode array detector.
A commercially available DNA extraction kit (Nucleopore gDNA Fungal Bacterial Mini Kit) was used to extract the genomic DNA used for 16S rRNA amplification and measuring the DNA G+C content. The DNA G +C content of both strains was determined by reversephase HPLC [10, 11] . The 16S rRNA gene amplification and sequencing were performed as described previously [12, 13] . 16S rRNA gene sequence similarities of the strain were identified by BLAST search analysis on the EzBioCloud database [14] .
The MUSCLE program in MEGA6 software [15] was used for multiple sequence alignment and distances were calculated by using the Kimura two-parameter model [16] in a pairwise deletion procedure. Neighbour-joining (NJ), maximum-likelihood (ML) and minimum-evolution (ME) methods in the MEGA6 software were used to reconstruct the phylogenetic trees.
The taxonomic relationship of strains JA826
T , JA912 T and the closely related type strains was examined using DNA-DNA hybridization, which was determined by using a membrane filter technique [17] and a Nick translation kit supplied by BRIT (Jonaki, CCMB campus, Hyderabad). The degree of genomic divergence/relatedness between strains JA826 T and JA912 T among themselves and with their closely related strains was also examined by using the DT m method [10] .
For fatty acid analysis, photoheterotrophically grown cells in modified Biebl and Pfennig [6] medium (described earlier) at 30 C were harvested by centrifugation (10 000 g for 15 min at 4 C) on reaching a cell density of 70 % of the maximum optical density (100 %=0.9 OD 660 ) and the lyophilized pellet was used for analysis. Cellular fatty acids were methylated, separated and identified according to the instructions for the Microbial Identification System (MIDI version 6.0; method, RTSBA6; [18] ; www.midi-inc.com).
Polar lipids were extracted from 1 g freeze-dried cells with methanol/chloroform/saline (2 : 1 : 0.8, by vol.) as described by Kates [19] . Lipids were separated using silica gel thinlayer chromatography (TLC; Kieselgel 60 F 254 ; Merck), by two-dimensional chromatography using chloroform/methanol/water (65 : 25 : 4 by vol.) in the first dimension and chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4 by vol.) in the second dimension [20] [21] [22] . The total lipid profile was visualized by spraying with 5 % ethanolic molybdophosphoric acid and further characterized by spraying with ninhydrin (specific for amino groups), molybdenum blue (specific for phosphates), Dragendorff reagent (quaternary nitrogen) or a-naphthol (specific for sugars; [22, 23] ). Quinones were extracted with a chloroform/methanol (2 : 1, v/ v) mixture, purified by TLC and analysed by HPLC [24] [25] [26] . Hopanoids were analysed by gas chromatography-mass spectroscopy (GC-MS) as previously described by Lodha et al. [27] .
Cells of strain JA826
T and strain JA912 T were rod to oval shaped (0.8-1.5Â1.0-3.0 µm; Fig. S1A ,B, available in the online Supplementary Material), multiplied by binary fission and were motile by means of single polar flagellum (Fig. S1C) . Transmission electron microphotographs of ultrathin sections of the strain revealed the presence of a vesicular type of internal cytoplasmic membrane architecture (Fig. S1D ).
Both strains (JA826 T and JA912 T ) could grow with pyruvate, fructose, lactate, malate, succinate, fumarate, glucose, sucrose and aspartate as a sole source of carbon. Those which could not be utilized by both included: benzoate, ethanol, methanol, propanol and glutamate. The variations in the utilization of organic substrates by both strains along with their phylogenetic neighbours are given in Table 1 . Both strains grew well with ammonium chloride, aspartate and glutamate as nitrogen sources, while nitrite and nitrate did not support growth of either strains. Strains JA826
T and JA912
T showed dizotrophic growth and nitrogenase activity. Both strains utilized sulfide, sulfate and thiosulfate as sulfur sources, while methionine, cysteine, elemental sulfur did not support growth. Both strains required biotin and thiamine for growth. In addition, strain JA826
T required vitamin B 12 , para-aminobenzoic acid and vitamin B 2 . It was observed that both strains were able to grow photo-organoheterotrophically and chemo-organoheterotrophically but could not grow chemolithoautotrophically, fermentatively or photolithoautotrophically. NaCl was not obligatory for growth of both strains; however, they could tolerate up to 1-2 % (w/v). Both strains had an optimum pH for growth of 7.0. pH and the range for growth of strain JA826 T was 7.0-8.0, while for strain JA912
T it was 6.0-8.0. Both strains are mesophiles, growing optimally at 30 C (range 25-35 C).
The BLAST A combined phylogenetic tree (NJ, ML, ME) reconstructed by using MEGA6 software revealed ( Fig. 1 (Figs 1, S2-S3 ).
For DNA-DNA hybridization studies, when the DNA of strain JA912 T was radioactively labelled, the levels of DNA-DNA re-association with type strains Rba. sediminis N1 T , Rba. viridis JA737 T and Rba. capsulatus LMG 2962 T were 44±3, 39±1 and 30±4 %, respectively (Fig. S4A) T in the reciprocal reaction, the re-association values were 45±1, 37±2 and 29±1 %, respectively. Similarly, when DNA of strain JA826
T was radiolabelled, the levels of DNA-DNA re-association with type strains Rba. maris JA276 T and Rba. viridis JA737 T were less than 45 % ( Fig. S4B ; even in the reciprocal reaction). Low hybridization values (less than 30 %) were observed when strain JA826
T was hybridized with strains JA912 T (Fig. S4C) . Based on the hybridization results, strains JA826
T and JA912 T thus represented new species according to the recommendations for delineating a bacterial species [28, 29] . DT m was found to be in congruence with the DNA-DNA hybridization studies. The divergence between the T m of homoduplex DNA and heteroduplex DNA (ssDNA of strain JA826
T hybridized with ssDNA of Rba. sediminis N1 T , Rba. maris JA276 T , Rba. viridis JA737 T , Rba. aestuarii JA296 T and Rba. capsulatus LMG 2962 T ; ssDNA of strain JA826 T hybridized with ssDNA of strains JA912 T ) was >6˚C indicating that both (JA826 T and JA912 T ) strains isolated in this study were new species.
Both strains had C 18 : 1 !7c/C 18 : 1 !6c as the major (>10 %) fatty acid. Strains JA826 T and JA912 T had minor (>1 but <10 %) fatty acids of C 16 : 1 !7c/C 16 : 1 !6c, C 10 : 0 3OH, C 18 : 1 !5c, C 18 : 0 3OH, C 16 : 0 and C 18 : 0 (Table S1 ) and the fatty acid differences between both strains with their phylogenetic neighbours are given in Table S1 . Both strains had phosphatidylethanolamine, phosphatidylglycerol, phosphatidylcholine and an aminolipid (Fig. S5 ). An unidentified lipid was commonly found in both strain JA826
T . In addition, stain JA912
T had an unidentified amino lipid, two unidentified phosopholipids and six unidentified lipids. Strains JA826 T and JA912 T had clearly distinct polar lipid profiles from their phylogentic neighbours (Fig. S5) and between themselves. Neither of the two strains nor their phylogenetic neighbours produced hopanoids.
Both strains showed in vivo absorption maxima at 476-493, 509-512, 590, 800-803 and 851-860 nm (Fig. S6) indicating the presence of bacteriochlorophyll-a and carotenoids.
HPLC analysis indicated the presence of spheroidene as the major carotenoid in the case of strain JA912 T , whereas sphaeroidenone was the major carotenoid in the case of JA826
T . Ubiquinone-10 (Q10) was the predominant quinone system in both of the observed strains, as well as in all the other members of the genus Rhodobacter.
Polyphasic taxonomic analysis clearly showed sufficient differences between strains JA826
T and JA912 T from their nearest phylogenetic neighbours to argue that both strains represent two new species and belong to the genus Rhodobacter sensu stricto for which we propose the names Rhodobacter lacus sp. nov. and Rhodobacter azollae sp. nov., respectively.
DESCRIPTION OF RHODOBACTER LACUS SP. NOV.
Rhodobacter lacus (la¢cus. L. gen. masc. n. lacus of a lake).
Cells are oval to rod shaped, 0.8-1.0 µm in diameter, capable of forming chains, motile by a single polar . All strains were motile, divide by binary fission, had vesicles as their intracytoplasmic membrane architecture, Q10 quinone system and polar lipids phosphatidylglycerol, phosphatidylcholin, phosphatidylethanolamine and unidentified lipids. Pyruvate and malate were utilized by all strains. All strains were catalase-and tryptophanase (indole production)-positive. Benzoate, tartrate and ethanol were not utilized by any of the strains. None of the strains were positive for lipases, urease, casease, citrate permease (citrase), nitrate reductase, acetoin dehydrogenase (VP test) or cysteinase (H 2 S production). O-R, oval to rod; YB, yellowish brown; GR, green; RB, reddish brown; SO, spheroidenone; SE, spheroidene; NS, neurosporene; b, biotin; t, thiamine; paba, p-aminobenzoicacid; rf, riboflavin; NR, not required; +, present/ utilized; -, absent/not utilized; # NaCl not required for growth, but can grow up to 1 %; † NaCl not required for growth, but can grow up to 2 %; § NaCl not required for growth, but can grow up to 3 %. Strain JA913 had similar characteristics to strain JA912 T . 
Characteristic
+ À À + + Colour of cell suspension YB YB YB RB GR YB YB Cell shape O-R O-R O-R R O-R O-R O-R Major carotenoid SO SE SE SE SE SE Photolithoautotrophy À À À + + À + Slime production + À À + À À + NaCl requirement -# - † - § - § À - † À pHHydrogen À À À + + À + Sulfide À À À + À À + Thiosulfate À À À + + À + Fumarate + + + + À À À Succinate À + À + À À Glucose + + À + + À À Fructose + + À + + À À Sucrose + + À + + À À Aspartate + + À + À À À Glutamate À À À + À À + Mannitol À + À + + À +/- Glycerol À + + + À À À Citrate À À À À À À +/- Acetate À + + + À + + G+C
